25 The female upper reproductive tract, including the uterus, fallopian tubes and ovaries, is 26 believed to be a sterile environment. With the improvement of bacterial detection, the 27 theory of the sterile female upper reproductive tract has been frequently challenged in 28 recent years. However, thus far, no researchers have used ovaries as study targets. Six 29 women who were diagnosed with ovarian cancer were included in the cancer group, and 30 ten women who were diagnosed with a noncancerous ovarian condition (including three 31 patients with uterine myoma and seven patients with uterine adenomyosis) were included 32 in the control group. Immunohistochemistry staining using an antibacterial 33 lipopolysaccharide (LPS) antibody was used to confirm the presence of bacteria in the 34 ovarian tissues. In addition, 16S rRNA sequencing was used to compare the differences 35 in the bacteria between ovarian cancer tissues and noncancerous ovarian tissues. BugBase 36 and Phylogenetic Investigation of Communities by Reconstruction of Unobserved States 37 (PICRUSt) were used to predict the functional composition of the bacteria. Bacterial LPS 38 was present in ovarian cancer tissue and noncancerous ovarian tissue, which implied the 39 presence of bacteria in ovarian tissue. When compared to the noncancerous ovarian 40 bacteria at the phylum level, the cancerous ovarian bacteria were composed of increased 41 Aquificae and Planctomycetes and decreased Crenarchaeota. When predicting 42 metagenomes, gene functions associated with the potentially pathogenic and the 43 oxidative stress-tolerant phenotype were enriched in the ovaries of the cancer group. 44 Forty-six significantly different KEGG pathways existed in the ovarian bacteria of the 45 cancer group compared to that of the control group. Different bacteria compositions were 46 present in cancerous and noncancerous ovarian tissues. 47 48 Key words: ovarian cancer; bacteria; 16S rRNA sequencing 3 49 Author summary 50 Abdominal solid viscera have always been believed to be absolutely sterile. With the 51 improvement of bacterial detection, this concept is being challenged. Researchers found 52 some bacteria existed in endometrial diseases, the question of whether the ovaries are 53 sterile is still unclear. Therefore, we assume that the bacteria in ovarian tissue are 54 associated with ovarian cancer. When compared to the noncancerous ovarian bacteria at 55 the phylum level, the cancerous ovarian bacteria were composed of increased Aquificae 56 and Planctomycetes and decreased Crenarchaeota. When predicting metagenomes, gene 57 functions associated with the potentially pathogenic and the oxidative stress-tolerant 58 phenotype were enriched in the ovaries of the cancer group. Forty-six significantly 59 different KEGG pathways existed in the ovarian bacteria of the cancer group compared to 60 that of the control group. Different bacteria compositions were present in cancerous and 61 noncancerous ovarian tissues. 62 63 4 64 Introduction 65 Abdominal solid viscera, including the pancreas, kidney, spleen, liver and ovary, have 66 always been believed to be absolutely sterile. However, this concept is being challenged. 67 Leore et al. found that the bacteria in pancreatic tumors could mediate tumor resistance to 68 the chemotherapeutic drug gemcitabine(1). S. Manfredo Vieira et al. confirmed that 69 Enterococcus gallinarum can translocate to the lymph nodes, liver and spleen and drive 70 autoimmunity(2). 71 The upper female reproductive tract, including the uterus, fallopian tubes and ovaries, 72 has been believed to be absolutely sterile due to the obstacle of the cervix, which is also 73 being challenged. The change in mucins in the cervix during the menstrual cycle may 74 lead to the passage of bacteria(3, 4). In addition, research has confirmed that the uterus 75 and fallopian tubes represent a functionally united peristaltic pump under the endocrine 76 control of the ovaries(5), which may aid the bacteria to enter the endometrium, fallopian 77 tubes, and ovaries. 78 With the improvement of bacterial detection, researchers have been investigating the 79 upper reproductive tract. Verstraelen et al. aimed to explore the presence of a uterine 80 bacteria using a barcoded Illumina paired-end sequencing method targeting the V1-2 81 hypervariable region of the 16S RNA gene(6). Fang et al. revealed diverse intrauterine 82 bacterias in patients with endometrial polyps using barcoded sequencing (7). Miles and 83 Chen also investigated the bacteria of the reproductive tract in women undergoing 84 hysterectomy and salpingo-oophorectomy using the 16S RNA gene(4, 8). However, all of 85 the abovementioned researchers used endometrial diseases as their research targets, so the 86 question of whether the ovaries are sterile is still unclear.
139 Ovarian bacterial community composition differences between the cancer and 140 control groups 141 We carried out a comparison of differences in the overall bacterial communities using 142 PCoA, which showed that the ovarian bacteria of the control group displayed some 143 differences compared to that of the cancer group (Fig. 4A and 4B) .
Ovarian bacterial composition at different levels in the cancer and control groups
145 To detect the differences in ovarian bacteria between the seventeen samples, we analyzed 146 the ovarian bacterial composition at different levels in the cancer and control groups. At 147 the phylum level, the relative abundance of Aquificae and Planctomycetes in the cancer 148 group was higher than that in the control group (P=0.017, P= 0.023, respectively), and 149 the abundance of Crenarchaeota in the cancer group was lower than that in the control 150 group (P=0.023). At the class level, the relative abundance of Spartobacteria sequences 151 was significantly higher in the ovarian communities of the cancer group (P=0. 026 (Table 2 ). In particular, the relative abundance of Anoxynatronum sibiricum may be 167 associated with the stage of the tumor (Fig. 4C) , and Methanosarcina vacuolata may be 168 used to diagnose ovarian cancer (Fig. 4D) . 
205
In this study, we first confirmed the presence of bacteria in the ovaries. In addition, we 
238
In this study, we found the presence of bacteria in the ovaries and differences in the 239 ovarian bacteria between patients with ovarian cancer and noncancerous women, which 240 raises further questions that need to be solved. Where did the bacteria originate from?
241 What is the association between the bacteria in the ovaries, uterus, fallopian tubes, vagina, 
249
There are some limitations to our study. The first limitation is that we could not collect 250 the ovaries from healthy patients for ethical reasons. Therefore, we used the 251 noncancerous ovaries from patients with benign uterine disease (including uterine myoma 252 and adenomyosis) as the control group. Another limitation of this study is the small 253 sample size, which may limit further analysis and influence the accuracy of the results.
254 However, it is the preliminary study to detect the ovarian bacteria in patients with ovarian 255 cancer, and we will conduct further explorations with larger sample sizes.
256
The ovaries contained several kinds of bacteria and were not sterile in a 257 noninflammatory environment. There were significant differences between the ovarian 258 bacterial compositions of patients in the cancer and control groups. 
